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PREFACE

Computer simulations are used to evaluate doctrine, training
procedures, equipment and occasionally to study current battlefield
scenarios. In any future conflict there is the strong possibility that
toxic chemical agents will be employed by opposing forces to achieve a
tactical advantage. As a result, computer models are being modified or
developed to study the effects that chemical warfare will have on mili-
tary operations.t

Among the duties and responsibilities of the Tactical Oper-
ations Analysis Division (TOAD) of the US Army Materiel Systems Analysis
Activity (AMSAA) is the formulation, development, revision, or refinement
of computer simulations, i.e., war games, One of the major areas of
interest in a chemical warfare scenario, and which is addressed in very
few of the current models, is the degradation of personnel efficiency
resulting from the necessity to wear chemical warfare protective gear.
To accurately and realistiually evaluate the effects of degradation
through modeling, a viable data base is a primary requirement to develop
and/or validate a reliable model. AMSAA is attempting to develop this
data base.

A draft interim note detailing the initial effort was dis-
tributed on a limited basis in mid-January 1981, along with a letter
soliciting comnments, criticism, guidance, data, etc. Responses received
from this request have been incorporated, to the extent possible at this
time, into the current report. Distribution of this report has bee.-

considerably wider than that of the draft interim note. As before, a
request has been made for comments and suggestions, but the primary
interest is in acquiring quantified data that is more recent, more
reliable, and that more realistically reflect plausible combat conditions.

Information received will be incorporated into a revised
report which is tentatively planned for mid-1982. AMSAA POC is John
Rakaczky, DRXSY-TN, Autovon 283-4485, Commercial (301)-278-4485.

Previously distributed copies of the draft interim report
dated 19 January 1981 should be destroyed.
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I
THE EFFECT OF CHEMICAL PROTECTIVE CLOTHING AN[) [QUIPMLENI uN

COMBAT EFFICIENCY

1. INTRODUCTION

With the recent renewed interest in chemical warfare, there
have been efforts to analyze the effects of this type warfare by means
of models and/or computer simulations of battlefield scenarios. Part of
these efforts have been addressed to the degradation of unit effective-
ness as a result of having to wear and work in chemical protective yewr.

The vulnerability of troops exposed to a toxic chemical agent
environment can be reduced by donning protective clothing and equipment
such as a mask, hood, gloves, overgarment, and boots. At the same time,
however, wearing these items, particularly fog extended periods of time
and/or at high ambient temperatures (>80 F/27 C), frequently reduces the
efficiency of individual, performing their assigned tasks. -his indi-
vidual degradation can and does eventually reduce the overall combat
effectiveness of entire units.

A large portion of the degradation of individual and unit
efficiency can be attributed to several inherent characteristics as-
sociated with the individujl items that comprise The chemical warfare
(GW) protective ensemble. Specifically, these include the following:

* Heat stress or heat build up due to the weight and bulki-
ness of the overgarment. The lack of "breathability" of
the overgarment also contributes to the hcat build un.

* Respiratory stress due to the air resistance of the pro-
tective mask filters and outlet valves.

a Reduced dexterity in the forearm portion of the overgarment
and reduced manual dexterity due to wearinuL gloves. Some
loss of dexterity can also be associated with the overboets.

* Restricted vision and hearing (communications) due to mask
design.

In addition, morale and psychological stress, which are functions of
being under attack, are contributing factors to the general physical
discomfort caused by the orotective clothing. Of these, only heat
stress has been investiqated in depth or quantified to any extent,
primarily through the efforts of Dr. Gnldman and his associates]a• '
USARIEM (uS Army Research Institute of Environmental Medicine).' I-
Ouantitative evaluations of other factors affecting degradation have
been rather limited.

19 I '



The amount of d.=gradation in unit effectiveness from heat
stress caused by wearing CW protective clothing is a function of several
variables. Among these are (1) the type and combinations of envirormental
ani protective ensemble worn, (2) the environmental conditions prevailing
at any given time, (3) the duration during which a specific ensemble is
worn, (4) the level of labor or activity sustained during the time a
specific ensemble is worn, (5- the physical state of the personnel at
the time the CW ensemble is donned, and (6) the degree to which the unit
is trained in wearing protective clothing.

The Army employs the Mission-Oriented Protective Posture
(MOPP) system to protect personnel againist chemiEal agent attack. This
is a flexible system intended to serve as a guide to commanders and is
designed to facilitate mission accomplishmni.t. It "requires Lhe soldier
to wear individual protective equipment consistent with the chemicAl
threat, the workrate imposed by the mis~icn, and the temperature". A
tabulated summary of current MOPP levels is shown below.

TABLE 1 - DEFINITION OF MOPP LEVELS

PROTECTIVE CLOTHING AND EQUIPMENT

rV\R'ARM', .OVERBOOTS MASK/HOOD GLOVFý

Worn, open or closed Carried Carried Carried
based or temperature

2 Worn, open or closed Worn Cc.rried Carried
based on temperature

3 Worn, open or closed Worn Worn, hood Carried
based on temperature open or closed

based on tem-
perature

4 Worn, closed Worn Worn, hood Worn
closed

Baseline Not worn Not worn Not worn Not worn

This report will be limited to MOPP 4, full or maximum protec-
tion, and the bateline condition, which is no protective clothing at all
(only the normal duty uniform consistent with a specific task. and environ-
mental conditions). Also, no attempt will be made to detenTrine what
portion of the total amount cf dt.gradation can be attributed to any
specific item of the CW ensemble.
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2. APPROACH/RATIONALE

Earlier attempts to model degradation reportedly have been
inadequate, one of the major 6easons being a lack of empirical data with
which to validate the models. The US Army Materiel Systems Analysis
Activity (AMSAA) has initiated a program designed to provide these
data. The objective of the first portion of this program is to estab-
lish and develop a data base which can be utilized to provide realistic
information regarding the tactical effectiveness of units in a chemical
warfare environment by means of computer simulations.

The successful establishment of a viable data base would
enable the accuracy and validity of previous modeling efforts to be
determined. It might also serve as the basis for the development of an
entirely new model. The demonstration of a reliable model with which to
ascertain the realistic effects of degradation would reduce the need for
a costly and time-consuming test program. Current doctrine, training,
and equipment, as they relate to CW, need to be evaluated now, so that
any modifications that are required could be initiated and implemented
without undue delay (as is likely to result from an extensive test
program). Subsequent tests and training exercises could be employed to
refine and validate existing data.

A two-phased approach was employed in developing the data
base. One phase involved the review of the literature to determine if
results or data from any earlier tests or studies were applicable to
this program. Examples of the specific types of information sought
included the following:

e Tasks or functions normally performed by military per-
sonnel, as individuals or as units, in tactical situations;

* Times to .perform specific tasks (see note below);

* The degree of protection, or MOPP level, employed by
personnel while performing specific functions;

a Temperature conditions prevailing at the time the specific
functions were performed;

* Any previous modeling efforts that might provide infor-
ma-tion that could be applied to this program.

NOTE: At i:his point in the program, time was selected as the primary
parameter to be considered in determining any decrease in unit effec-
tiveness because co the ease by which it can be measured, and bAcause
differences in time are reudily comprehendible. In addition, time is a
critical factor to be considered in the activities of any unit within
the area df.tactical operations. However, it is recognized that there
are other parameters that can be employed to measure unit effectiveness.
These include the probability of hit, rate of fire, target acquisition,
effective ranges, etc. It is anticipated chat these al'V will be studied
later in this program.

11.



Concurrent with the literature review, a survey (Phase 2) was
conducted to obtain and catalog thc major functions or tasks that various
units within the different branches of the Army might be required to
perform in tactical situations. The branches surveyed include co,,bat,
combat support, and combat servlce support types. Soecifically, these
were air defense, armor, artillery, aviation, chemiiLal, engineer, in-
fantry, medical, military police, ordnance, quartermaster, signal, and
transportation.

Items of particular interest in this survey included th.e size
and type of tne unit (including personnel and vehicles), the specific
major functions that these units frequently perform, and workload (heavy,
moderate, light) or amount of energy required to accomplish these tasks.
Examples of functions in which heavy worklo-ds are required include the
loading/unloading of ammunition by hand, a forced march, digging with
hand tools, infantry in dismounted attack, etc. Moderdte workloads are
exemplified by tasks such as infantry in dismounted defense, activity
normally associated *ith units Jr. reserve positions, some reconnissance
missions, certain inaintonance operations, etc. Light workloads usually
imnly activities such as administrative tasks or motorized movement. In
addition, the times required to perform these functions without chemical
protective equipment were obtained. The times assumed relatively ideal
conditions, e.g.. daylight, moderate weather, trained troops, etc.

The majority of information (function, workload, times w/o CW
gear) was obtained through interviews with officer personnel of rank 03
to 06 dssigned to the various APG activities (AMSAA, TECOM, OC&S, MTD).
The manner in which this was done was to (a) select officers from the
different branches represented on the personnel rosters of the activities,,
(h) have discussions with as many from each branch as practical, then
(c) prepare tables as shown in this report based upon these discussions.
The information was essentially first hand in that these officers had
commanded units that performed these specific tasks. The times were
those they considered to be r-easonable to accomplish the task (w/o
protective gear), times they would accept as the commanding officer of
the unit. The higher ranking officers displayed more experience in more
diverse a,-,ýas; the lower ranks had more recent, albeit limited, experience.
In some in.-stances, the officers interviewed had pairticipated in the
preparation of ARTEPs (Armr Training and Evaluation Programs). Others
had participated in training exercises in which CW orotective gear had
been worn. (Although they were not able to providn any quantitative
data, they did provide some valuable opinions and estimates of the
effects of CW protective gear.) Additional or supplementary information
was obtained from the appropriate FMs (fie~d manuals), TMs (training
manuals), SQTs (skill qualification tests), and ARTEPs.

The tabulated data obtained in this manner to (late are given
in Tables 2-14 (first 5 columns). Brief!L/, this information includes
the following:

o The type and size of the ut it of interest;

o The major functionj performed by the unit (along with a
descriptive or qualifying phrase where applicable);

12



o The level of workload required to perform the function;

o Yhe amount of time that could reasonably be expected to be
taken to accomplish the function, without any protective
clothing (wearing only the normal duty uniform in keeping
with task requirements).

Times shown for performing tasks without protective clothing assume
relatively ideal conditions of daylight, moderate weather, trained
troops, etc. It was also assumed, agaiii where no CW protective gear is
worn, that there would be no difference betweenothe time required to
perform a specific task at 0temperatures near 20 F than it would at
moderate temperatures (-60 F). The fact that wearing cold weather
clothing in itself (w/o CW gear) may influence the performance of per-
sonnel not considered at this point in the program. As data become more
refined, however, this may need to be addressed.

3. RESULTS AND DISCUSSION

After several documents were reviewedI0-18, it became apparent
that there was a paucity of quantified information concerning the degra-
dation of unit effectiveness as a result of wearing CW protective equip-
ment. Much of the data were of a subjective nature and therefore were
considered to be of limited validity and applicability. Test conditions
varied and were sometimes uncontrolled, thereby making comparizons
difficult.

A detailed review of all the documents examined will not b¶9 20
presented 'here. However, it should be noted that two recent reports
r:blished subsequent to the initiation of the work described herein,
provide excellent •mmaries of previous chemical performance testing.
The first of these presents the results of a literature search made to
examine the effects of.the use of chemical protective clothing and
equipment on mission performance. From the list of reports reviewed,
several were selected for further analysis. A critical assessment of
these tests was made and the findings reported in Reference 20.

Some of the major points of this assessment 2 0 include the
following:

s There was no uniformity in the structure of the tests, the
parameters they attempted to measure, or in the manner in
which performance was measured. This was attributed to the
fact that the tests were performed over a period of 20
years, wereconducted by different organizations, and were
conducted under different technological and military
conditions.

# The greatest amount of data is available for infantry
.missions and tasks, and cover attack, defense, and ret-
rograde operations for squad, platoon, and company size
units. A disadvantage is that most of the data are pre-
sented in terms of staytime, the length of time an indi-
vidual remains in protective gear until he becomes a

13



casualty or until the unit becomes Ineffective because of
heat stress.

0 The duration of most of the tests was too short to be able
tc assess the effects of rotation of individuals or tasks
to maximize unit effectiveness over time.

* There are almost no data for a tank company or battalion.

* Artillery data are limited. There was no live firing, and
the scope of tests was limited.

* There was little or no data for any specialized type of
contbat, such as airborne operations, river crossing oper-
ationrs by engineer "hoits, etc.

* No data were available for cold weather conditions, or for
operations over rough terrain or in deserts.

d No extensive testing was done over a variety of MOPP
corid; tions.

* No tests were reported in which females were included.

A review of the literature, specifically those rjorj_ q
which previous efforts to model degradation were described
also indicated that each m;1odel had some limiting factors that generally
restricted, or qualified its use. The principal deficiency most fre-
quently mentioned was tile lack cf sufficient empi§ical data with which
to verify the model or to determine its accuracy. As an attempt to
provide this type of data, Tables 2-14 were developed.

Since the desired data were not available from traditional
sources (results of field tests, training exercises, recorded but unpub-
lished test results, etc.), it wa necessary -to calculate the time
required to perform various futictinns while weariny full CW protection
(MOPP 4). Calculations were made lor three different temperatures, as
indicated, a'li the results entered in the appropriate column.

"The bases upnn which these calculations were made are provided
Tablec 15 and 16. Table 15 gives work/rest values extracted from FM

2?-4C.8 These data are intended to serve only as a guide to commanders
to enable tnenr, to carry out their assigned missions with a minimum or
negligible number of heat casualties. It should be noted that the
indicated rest periods are those needed to allow an adequate amount of
cooliny time fcr the dissipation of accumulated body heat. Also, the
work/rest values are cyclic and may be repeated for as many times as
necessary to complete a task. The use of the data in Table 15 is some-
what limnted, 0 however, in that there are no data given for temperatures
below 21 C (70 5'). For a detailed discussion of the MOPP system, its ,
use rnd implementation, the reader is referred to FM 21-40, Cnapter 5.

Revised MOPP tables are reportedly being prepared, but are not avail-
able at this time.
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TABLE 15 - CYCLIC WORK/REST VALUES (MINUTES) WITH NEGLIGIBLE HEAT CASLILTIFS.(1)

TEMPERATURE RANGES

MOPP WORK 21 0 C 21-260 C 27-320 C 33aC

LEVEL RATE (70 0F) (70'-79°F) (80-89°F) (90°F)

1 Low (2) (2) (2) (2)

Moderate (2) (2) 60/20 40/50

Heavy (2) 60/15 40/25 30/50

2 Low (2) (2) (2) 50/50

Moderate (2) (2) 50/35 30/60

Heavy 60/30 45/30 25/30 (3)

3 Low (2) (2) (2) 60/30

Moderate (2) 60/20 40/35 30/50

Heavy 40/20 35/30 (3) (,31)

4 Low (2) (2) 40/30 20/50

Moderate 40/20 30/25 20/40 (3)

Heavy 20/25 (3) (3)(10/50)* (3)

(1) Data extracted from Table 5-2, page 5-12, of FM 21-40, C1, dated
14 October 1977 (Reference 8).

(2) Under these conditions any reasonable work/rest periods will suffice
to prevent heat casualties.

(3) Under these conditions work time will be severely limited, and even
very short periods of heavy work could result in heat casualties.

*Estimated value employed *in calculations.



TABLE 16 - WORK/REST TIMES (MINUTES)(I)

BASELINE(2) MOPP 4

WORK WORK REST WORK REST
TEMPERATURE LOAD TIME TIME TIME TIM[

-7 0 C LIGHT NHB (3) 15 NHB 20

(10F) MODERATE NHB 15 NHB 30

HEAVY NHB 15 30 30

10 C LIGHT NHS 15 NHB 30

(50o F) MODERATE NHB 15 NHB 50

HEAVY NHB 15 25 50

290 C LIGHT 180 20 60 00

(35°F) MODERATE 90 50 40 00

HEAVY 25 70 15 00

(1) Data extracted from Appendix H, Annex Ii, 61 JTCG/ME-75--13, pages H-56,

H-57, and H-58 (Reference 24).

(2' Uniform is that normally worn in keeping with conditions; no NBC protection.

(3) NHB - No heat build-up; personnel can work for 2 hours or more and not
build up sufficient heat to be degraded.
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Table 16 provides a compilation of work/rest' t;Wes extracted
from Annex III to Appendix H of Report 61 JTCG/ME-75-13. The data
evolved from the Project MANDRAKE ROOT Addendum Study and are based
solely upon heat stress. Allowable work time was derived by means of a
calculation that considered the hourly heat build-up in man and the
maximum allowable heat before stress conditions occur in man. Reauired
rest time was calculated by taking into consideration the hourly heat
build-up factor and the total heat loss due to wearing a particular
protective ensemble. The work and rest times are absolute estimates.
The amount of heat output associated with the designations of light,
moderate, and heavy work lo3ds are 150 Kcal/hr, 200 Kcal/hr, and 400
Kcal/hr, respectively.

Attempts to quantify the effects of factors Wher than heat
stress have been hampered by a lack of empirical data, and thus were
not employed here. Among these other factors were visual acuity,
respiratory stress, manual dexterity, and psychological effects.

The work/resc times shown in Taoles 15 and 16 were applied to
the function/trme data Tables 2-14, except in the case of the Ouarter-
masWr Units (TiLle 12) and in the case of the TOW crew (Tahle
8a) . The manner in which this was done was essentially to add the
recommended rest times to the time given as being reouirea to accomplish
the task without CW protective gear (for the e.ppropriate workload and
temperature). As examples. ',' the time required to perform a task
requiring a hecvy workicad v, ii.u ui. NW tea, w -- Ive!I as GO r. -Iinit C..s un r
relatively igeal conditions, 8he times to perf:.rm the same function a'
20, 50 or, 85 F (-7, 10 or 29 C) while in MOPP 4 were calculated as
fol 1 ows :

a At 200F (.7°C,, the cycle tc complete the task consisted of
30 minutes of work plus 30 minutes of rest, followed by 30
minutes of work and an additional 30 minutes of reýst. The
total time calculated was 120 minutes, twice that cxpectcd
to compleýe the task without the encumbrance of CW protec
tiv-? clothing.

0 At 50 0 F (;OC), the cycle to complete the task consisted of
25 minutes of work followed by 50 minutes of rest, anoLher
25 minutes of work fullowed by 50 mi,,utes of rest, and
finally 10 minutes of ..wjork followed by a 20 minute rest
period. The total time calculated to complete the task was
180 minutes, three times the expected time under r,,)rial
con-litions.

a A t 8501 (29 0) no work/rest times were given. Therefore,
an extrapolated value was inccrporateo into Table 15 anu
employed in the calculations. It was decided to use a 50
mrinute rest period for every 10 minutes of heavy work.
(This 10/50 value is probably conservative and tie situation
is likely vto be worse, -. f.. more time to rest and recover
w-iill he necessary.) Thus, the total time calculated t-)
com.plete the example task was 360 minutes, six timrs that
normally required.
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Calculations of times were made in a similar manner fcr all
the tasks in Tables 2-14, except for tnose mentioned earlier (i.e.,
Quartermaster Units and TOW Crew, Tables 12 and 8a, respectively).

Examination of Tables 2-14 indicates a significant icreafe in
the time required to perform tasks while in full MOPP, and that. L tremen-
dous increase in time can be expected to cromplete those tasks requiring
heavy workloads at high temperatures. During the work period the ,ctual
work time may *in reality increase due to a decrease in efficiency. The
result would be that more rest time would be required. Therefore, the
computed times represent a prooable minimun amount of time tha 7imaY he
required to ac:omplisb these tasks, and iil1 likely be higher.-

It should be noted that the computed times do not Lake into
account staggered or rotated work assignments, or allocating more v.-ople
to those tasks considered to be esnecially critical (assuming trat a
source of additional manpower was available) The times do include a
rest period after the final work period to enable personnel to recover
so they can perform their next task.

Another point to consider, but which is not reflected in the
tables of computed date, is that if it were known that a unit was to be
repmaced at a specified time, the personnel could work to a point of
exhaustion, and not have to regulate their level of work to be able tý
perform additional c:ask,. later. .he data in Table 17 (from FN 21-40)",

provide ouidance toyiard determining the duration of sustained periods of
work before the onset of significant heat casualties.

1. SUVAR IY
The program to date can be suummarized as follows:

e A search of the literature revealed a scarcity of quanti-
tative data of the type desired. A large portion of the
data was of a subjective nature, while most 0i the quanti-
tative data was besed solely upon heat st-ess with little
or nc consideration of other factors such as manual dex-
terity, visual acuity, or psychological factors.

0 Pdrtial task (function)/workload information has been
compiled for seve.,ral branchps of the Army. 5dditiorial and
revised data will be incorporated into the rrogpam as they
become available; quantified test data will replace cal-
culated data as tests are developed and performed.

* Uegradatiom, times for these tasks (functions) have been
cnoputed by using the best data currently available, viz.,
the work/rest times presented in Tables 15 and 16 oF this
repor L.

This report has described th" initial efforts d rected toward
estabiishing and develepiieq a data base which can be utilized to generate
meaningful and realistic degradation data throuqh comIputei sijmulations.
Since JJi5 effort has not. been completed but will be u1'datud and revised
in the future, no crniclusioas have been mauie at this time.
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TABLE 17 - MAXIMUM TIMES (MINUTES) WITH MINIMUM HEAT CASUALTIES.( 1 )

TEMPERATURE RANGES

MOPP WORK 21 0C 21°0 -260 C 270 -32'C 33 0 C

LEVEL RATE (70rX (70o-79°F) (801-89°F) (gO°F)

i Low (2) (2) (2) (2)

Moderate (2) (2) (2) 100

Heavy (2) (2) 110 50

2 Low (2) (2) (2) (2)

Moderate (2) (2) (2) 65

Heavy (2) 170 65 45

3 Low (2) (2) (2) (2)

Moderatv (2) (2) 140 55

Heavy 200 95 55 40

4 Low (2) (2) (") 80

Moderate (2) 115 65 40

Heavy 60 50 40 30

(1) Data extracted from Table 5-4, page 5-16, FM21-40, C1, dated 14 Ocu•,her 1977
(Reference 8).

(2) Under these conditions, fatigue caused by exertion will probably he the
limiting consideration rathe2- than body heat buildup.
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5. FURTHER EFFORTS/RECOMMLNDATIONS

It should be emphasized that the computations presented herein
are based upon the best information currently available. This is to say
these data should not be considered as final, but only that there is
nothing better at this point in time. It is anticipated that where
impractical times have been presented, more realistic data will be
obtained, either from published reports not yet located or from per-
sonnel with first hand knowledge or experience (test/training partic-
ipants).

Further efforts will continue to be directed toward updating
and expanding the data as it becomes available. Times will be revised
to reflecL more realistic situations. Tasks (functions) will be ex-
panded as more information is collected. Degradation times will be
computed where necessary. An updated version of the data contained in
this report is planned in approximately 6 months.

To obtain valid data to support this effort the following
recommendations are offered:

a Training exercises, field exercises, etc., should be con-
ducted with and without CW protective gear.

* Tests should be conducted to determine the degree of
improvement in effectiveness or efficiency as a function
of the number of times tasks are performed while in CW
proteLtive year.

* Accurate measurements of such variables as time, accuracy,
rate of fire, pr Dability of hit, ability to acquire tar--
gets, etc., shauld be made. Deterni'ne the differences in
these parameters with and without CW protective gear.

a Data should be acquired for major battlefield systems and
weapons (e.g., IFV, CFV, ITV, 60 mm and 8i mm mortars,
VIPER, rOW, etc.).

a As much data as possible should be obtained from field
commanders and should not reflect "sterile" test condi-
tions. Data should be "hcnest" and not be that which makes
the unit look good.

s Intermediate IOPP levels should be studied in more detail.

* The effect of acclimatization should be studied to deter-
mine if training will significantly reduce degradation and
if so, by how much. As a curollary, examine the effects of
physical conditionirg.
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* Tests should be conducted in various climates with emphasis
on those where a substantial threat exists.

# Cold weatner operations should be studied to determine if
any deqradation occurs from the cold weather clothing by
itself, and what ef-fects are produced by wearing CW pro--
tective gear in a cold environment.

e Tests should be conducted for extended periods of time (6C
hours) to determine the extent of degradation as a function
of time.

e Tests should be conducted to provide data for situations in
which personnel are fresh (rested) and fatigued, with and
without protective ensembles.

SWhere necessary, a series of "mini-tests" should be designed I
to provide empirical data for inclusion in this program.
Such tests might be performed by the US Army Combat Develop-
Pients Experimentation Command under the direction of HQ
TRADOC.
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